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SUMMARY 
The results of compression tests on 44 stiffened ply-
wood panels are presented and correlated in groups for the 
three types of failure observed: column failure, failure 
by separation of plywood from stiffener, and crushing 
failure.
I1TRODUCT IOi: 
The expanded program of military aircraft construc-
tion has made it necessary to seek substitute materials 
that can be used in aircraft in place of aluminum alloys. 
Wood is one of these substitute materials. The development 
of synthetic resins as bonding and impregnating agents has 
resulted in the production of plywood which is being used 
in stressed—skin structures for aircraft. The use of ply-
wood in such structures necessitates that tests be per-
formed. to determine allowable stress values for use in 
design, This report presents a preliminary analysis of the 
results of compression tests on 44 stiffened plywood panels 
made by the Universal Iloulded Products Corporation. The 
tests were made in a testing machine of 1,200,000 pounds 
capacity in the NAGA structures research laboratory. 
TEST SPECII.IENS 
The manufacturer reported that the specimens consisted. 
of yellow poplar plywood bonded to Eastern spruce stiffeners 
with hot Plaskon 700-2. The four sizes of stiffeners used 
in this group of specimens are shown in figure 1 and. are 
designated A, B, C, and D, in order of increasing size.
2The plywood. consisted o .f 1/2—inch veneers with the 
grain of alternate plies at right angles. The grain of 
the face veneers was parallel to the stiffeners. The 
bonding agent used. in assembling the veneers into plywood. 
was reported. by the manufacturer to be cold. Plaskon PCP-7. 
The length of each specimen, as manufactured, was 
approximately 12 inches greater than the length of the 
finished test specimen. This excess length was cut off to 
provide a coupon for each test specimen. Minor specimens 
for th.e determination of moisture content and. physical 
properties of the material were cut from the coupons. The 
complete dimensions of the specimens, the loads developed, 
and the type of failure are given in table I. In this 
table the specimens are grouped according to stiffener 
size, nominal length, number of plies, and. clear distance 
between ac'ijacent st iffeners. 
IiETOD OP TESTING 
The ends of the specimens were ground flat, square, 
and parallel in a planer specially adapted for this pur-
pose. The ends of the specimen were placed. directly 
against the bearing 11atos of the testing machine. The 
specimens wore alined by means of guide bait s that extended 
across the bearing plates • These guide bars were backed 
away before the maximum load was reached in order to avoid 
interference with the action of the specimen at failure. 
Strain gages were attaàhed to both sides of each 
specimen on the stiffeners and between the stiffeners. 
The shortening of mot o± the specimens was also measured 
with dial gages.
MOISTURE CONTENT 
A determination of moisture content was made for the 
poplar plywood and the spruce of all test specimens. The 
average moisture contents are given in table II. 
The panel test data are presented and analyzed for 
the moisture content at the time of test. The use of the 
design charts derived. is illustrated. in the problem given 
in appendix A.: In. append.ix.3 the adjstine±it to standard 
15—percent moisture content of the design charts and. stress—
strain curves is described. and the adjusted. figures are
presented. These adjusted figures should be used in all 
general design problems. It was considered more expedient 
to make the adjustments for moisture content to the final 
design charts rather than to adjust the individual test 
dat for each specimen before making the analysis. 
STRES S—STRAflT CURVES 
A number of compression stress—strain curves were 
determined, for the stiffeners and the plywood. These 
curves are shown in figures 2 and 3
	 Figure 3 presents 
the stress—strain curves for repeat groups of plywood 
specimens of 5, 7,9, and 11 plies with the grain of the 
face veneers parallel to the direction of load. 
TYPES OP FAILURE 
The three types of failure that were observed.to 
occur are designated and described as follows: 
Type 1, or column, failure (fig. 4'): 
The entire panel failed as a column by bending. 
The p lywood remained attached to the stiffener until 
large deflect ions had taken place. This type 'of 
failure occurred in six specimens. 
Type 2, or separation, failure (fig. 5).: 
3 
The plywood pulled away from 
actual separation occurred not in 
glued joint but within one of the 
wood. It occurred most frequent?: 
veneers the grain of which was at 
stiffeners'. This type of failure 
specimens.
th stiffener. The 
the plane of the 
veneers of the ply-
inoneofthe 
right angles to the 
occurred in 32 
Type 3, or crushing, failure (fig. 6): 
The panel failed by crushing of the plywood, the 
stiffener, or both. This type of failure occurred in 
six specimens.
4It will be noted that the separation type of failure 
occurredin most specimens. Figure 7 illustrates the path 
generally followed by the fracture in the separation fail-
ures. As the wave in the buckled plywood increased i,n 
depth, tending to pull the plywood away from the stiffener, 
a tensile stress due to bending developed in the veneer 
nearest the stiffener. This tensile stress was at right 
angles to the direction of the grain of the ven:eer - a 
loading condition in which wood has very low strength. 
The plywood veneer nearest the stiffener then split paral-
lel to its own grain and the fracture entered the second 
veneer, the grain of which was at right angles to the 
stiffener • This veneer was then subj ected to a cleavage 
action and the fracture moved parallel to the grain of 
this second. veneer until complete separation of plywood 
from stiffener had occurred. In some specimens the sepa-
ration of the plywood occurred in the fourth veneer from 
the stiffener rather than the second veneer, as shown in 
figure 7.
D IS CUSS ION 
Ty1orcolumfailure.— When failure occurred by 
column action with bending normal to the plane of the IDly-
wood, the direction of the deflection was such as to put 
additional compression in the plywood. As so few specimens 
developed this type of failure, no analysis has been at-
tempted other than to present the results graphically in 
figure 8. 
Te2or seaationfai1ure.— When failure occurred 
by separation of the plywood from the stiffener, it was 
observed that the plywood between • stiffeners was in a 
buckled state. 
An approximate theoretical analysis of a buckled plate, 
based upon the theory of large deflections, revealed that 
for an isotropic material the ratio of edge strain to 
critical strain v.aries linearly with the reciprocal of the 
square of the critical compressive strain in the sheet be-
tween stiffeners if the relative shape of the buckle pat-
tern is constant, the edges of the plate are fixed, and 
the bending strain in the sheet at the edge. is. constant. 
Although the material in the panels was not isotropic, the 
buckle patterns were always of the same relative shape,
the plywood. app'eared. to be fixed. to the stiffenes, and the 
interiial strain (or stress) condition at which separation 
of plywood and stiffener occurred was probably a constant 
for. a given type o.f plywood and species of wood. The form 
of the theoretical solution for an isotropic material was 
therefore used to indicate the method .of presenting the 
test results. 
The critical compressive strain Ler was established 
by analysis of the strain-gage readings taken on the p ly-
wood between stiffeners. The analysis was made •by the' 
Southwoll method of estimating critical loads from simul-
taneous readings of load and deflection, as generalized in 
reference 1. The average strain was regrd.eci. as correspond-
ing to the load and the difference in strain on the two 
sides of the sheet as corresponding to deflection, Thus, 
critical strain rather than critical 'lo.d was predicted.. 
The edg strain
	
, or strain at th.e stiffener, was 
measured directly by strain gages onthe stiffener. The 
important values of	 are the values Le at which 
separation of the plywood from the. stiffener occurred. 
The values of Ccr determined from the paneltests 
are plotted in figure 9 against b/t, the ratio of width 
of plywood between stiffeners to the thickness of the ply-
wood, 'The solid. curve drawn through the experimental 
points is given by the equation
t2 
€cr = 2.5 
Although the experimental points in figure 9 scatter over 
a rather wide band, this equat Ion gives the average criti-
cal compressive strain or the plywood. The fact that the 
points representing specimens of 5, 7, and 9 plies are' 
distributed. across the full width of the band suggests that 
for a given thickness of plywood the equation will •apply 
for any number of plies greater than 5. 
In figure 10 values of £e/€cr are plotted against 
l/(Ecr) 2 . The experimental points are observed. to plot
6 
along a straight line as suggested by the theoretical 
analysis previously mentioned. As in the case of figure 
9, the solid line in figu.re 10 gives the average rela-
tionship between the variables plotted. The solid line 
in figure 10 establishes the compressive strain at the 
stiffener for which se paration of the piywood from the 
stiffener occurs. This strain Ce is given in terms of 
the critical strain	 cr for the plywood between stiff-
eners.	 ecause	 cr is a function of b/t, Le is also 
a function of b/t. The relationship between Ce and 
b/t is given in figure 11 where, for convenience, Ler 
is also plotted. 
For strength calculations it is necessary to know the 
ratio beff/b, effective width of plywood divided by 
width of Plywood between stiffeners. This ratio is assumed 
to be given by 1iarguerre's formula for effective width of 
sheet with the stresses replaced by their corresponding 
strains:
3 1• 
b eff -	 /Ccr 
b 
For the special case of	
= Ce, the values of beff/b 
given by Marguerrets formula are p lotted in figure 11. 
Values of beff/b read from this curve should be used 
only when calculating the load at which the plywood sepa-
rates from the stiffener. An illustrative example of the 
use of figure 11 is given in appendix A. 
When failure occurred 
by crushing of the specimens, both the stiffener and the 
plywood seemed to have reached their ultimate strengths 
with the first evidence of failure occurring in the ply—. 
wood. A failure of this type would indicate that the, 
entire area of the plywood ws effective in carrying load, 
and this fact is verified by checking against the curve 
of b 0ff /b in figure 11 the six specimens that failed by 
crushing. All but one of these specimens have values of 
b/t for which the ratio beff/b is equal to unity and, in 
the sixth case, this ratio is 0.95, or very nearly unity
7 
Table III was prepared to chock whether the stiffener 
and. the lywood. actually reached their ultimate strengths 
in this typo of failure. The calculated loads in table 
III were computed on the assumption that both plywood and 
stiffeners reached their ultimate strengths and that the 
entire area of plywood and stiffeners was effective in 
resisting the load. The loads thus obtained are in good 
agreement with the experimental loads. 
CONCLUD ING .EMARKS 
The compressive strength of stiffened plywood panels 
that fail by crushing of the wood or by column action with 
bending normal to the plane of the plywood can probably be 
calculated by the usual procedures used in metal specimens 
with proper consideration for the different material prop-
erties. 
The compressive strength of stiffened plywood panels 
that fail by separatio. of- the plywood from the stiffeners 
can be calculated by the methods developed in this report 
and illustrated by the exam-plo in appendix A. 
Prom the failure of the panels, it appears that sepa-
ration of the plywood from' the stiffener might be delayed 
until a higher load is reached if the face veneers are 
somewhat thickened and laid with the direction of the grain 
normal to the stiffeners, Tests should be made, however, 
to. check the effectiveness of this construction. 
The critical compressive strain 
€cr for the plrwood 
between stiffeners, given by
	 cr = 2,5	 (where t is 
plywood thickness and b is the clear distance between 
stiffeners), represented very well the test results herein 
presented. The stiffeners seemed to provide a high degree 
of restraint against rotation of the plywood at the stiff-
ener. This formula for. £ cr should be used when the 
relative proportions of plywood and stiffeners are in the 
range of .
 the specimens tested. 
Langley }iemorial Aeronautical Laboratory, 
National Advisory Committe-e for Aeronautics, 
Langley Pield, Va.
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ILLUSTRATIVE PP. OBLEM 
In order to check the validity of the relationships 
used îü determining the curves of figure 11, calculations 
of the load at which separation failure occurs 'iere made 
for the specimens that developed this type of failure 
using these curves. Thevaluos thus obtained werethen 
checked against the experimental values. (See table Iv.) 
The method of determining the separation load can be 
illustrated by means of a sample calculation for a repre-
sentative specimen. Specimen 50. was selected for this 
purpose. The pertinent, data are as follows: 
Number of stiffeners . . . . . . 	 ..... . . . . . 6 
Clear distance betweon stiffeners, b,
	 in .....8.96 
Plywood. thickness, t, in
	 .............0.235 
b/t	 . . . .
	 . . . . . .	 . .
	 .......	 38.16 
Width of plywood in contact with stiffener, w, in
	 2.14 
Number of plies
	 ........	 . .	 ....... 7 
Area of stiffeners, sq in
	 ...... . . . . .	 15.9 
From figure 11, with the value of b/t given, it is 
found that c	 0.00327. For this value of 	 e' the 
stresses are determined from the appropriate stress—strain 
curves. These stresses are as follows: 
(°e ) stiffener = 4.89 kips per so in. 
(°eplywooã. = 3.30 kips per sq in. 
(Stress for plywood. was obtained from group B stress-3train 
curves of fig. 3.) 
The area of the plywood represented by the effective 
width is given by the equation
b6ff 
( A eff)ply' ooa = (6w +	 b	 X b)t 
The coefficients 6 and. 5 reDresent the six stiffeners and. 
the 5 bays between stiffeners, respectively. The ratio
9 
jeff/b is determined, from figure 11. Substitution of the 
proper values in the foregoing equation gives, for the ef-
fective area of plywood.. 
(A eff ) Dlywood
	
(6X2.14 ^ 5X0.808X8.96)0.235 = 11.5 sq in. 
The separation 1.oad is given by 
P = (A	
plywood + (A e)stiffeners 
= ll..5X 3.30 ^ 15.9 X 4.09 
= 115.8 kips 
Similar calculations have been worked out for all 
the specimns that failed by separation. The calculated 
loads at which separation of tile plywood, and the stiff-
ener. Qccurs, for these specimens, are compared with the 
experimental separation loads in table IV. For most of 
thO specimens there is reasonably good agreement between 
the experimental and the calculated loads. It will be 
noted that, for specimens 21, 20, 39, 5'?, and 1, the ex-
perimental load is considerably below the calculated load. 
The manufacturer of the test specimens reported that close 
visual inspection after manufacture resulted. in the rejec-
tion of some specimens because of defects in bonding. The 
appearance of the s p ecimen after failure indicatod that 
the foregoing listed specimens nay. also have had. bonding 
defects that caused premature separation. A visual exami-
nation of these specimens showed. that some of the separa-
tion had occurred in the plane of the glued joint. Addi-
tional evidence that these specimens were not perfectly 
bonded is contained. in the fact that all five of these 
specimens had one or more duplicate specimens, each of 
which developed separation loads that are in good agree-
ment with the calculated. loads. Duplicate specimens are 
indicated in table IV.
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APPENDIX B 
ADJUSTMENT TO STANDARD MOISTURE CONTENT OF 15 PERCENT 
In this study of the compressive strength of stiffened 
plywood. panels, the principal analysis of the test data 
has been made for the case of failure by separation of the 
plywood from th stiffeners. The analysis has been carried 
out on the basis of the moisture content of the plywood 
and the stiffeners at the time of test. Those moisture con-
tents are listed in table II. This appendix discusses the 
adjustment of the design cha±'ts and the stress—strain curves 
to a standard moisture content of 15 percent.
1 
Figure 10 gives the relation between -- and. 
E cr	 2 cr 
for an average moisture content of the plywood of 10 percent. 
On the basis of information contained in reference 2 con-
cerning the effect of moisture content on the strength 
properties of wood, it is found. that th slopes of the 
straight line in figure 10 will vary with the moisture con-
tent of the wood.. In order to adjust the slope of this 
straight line to a moisture content D, it is necessary 
to multiply the slope of the straight line in figure 10 by 
the quantity
C—D 
I
- 
'
B 
where
tensile strength of yellow poplar perpendicular to 
grain 
modulus of elasticity of yellow poplar in bending 
A,B	 two moisture contents found by tests on matched. 
specimens of the same species of wood (Subscripts
11 
a and B indicate that the properties to which 
tile subscripts apply are the properties for the 
moisture content A or B.) 
C	 moisture content at time of test 
D	 moisture content to which adjustment is being made 
The values of o, Eb, A, and B for yellow poplar 
are obtained from table I of reference 2. 
For moisture contents of C = 10 percent and D = 15 
percen	 the slope of the straight line in figure 10 is, 
therefore, multiplied by the quantity 
5 
(0.84) 6 = 1.16 
In the adjustment of the stress—strain curves to a 
moisture content of 15 percent, the method described in 
reference 2 (p. 50) was used. In the application of this 
method to the data of this rep ort, the following assump-
tions were made: 
(1) The equation on page 51 of reference 2, which 
gives the relation between moisture content and strength 
properties for a clear specimen of a given species of 
wood, applies to plywood with alternate plies at right 
angles because the greater part of the load is carried by 
those plies in which the grain is parallel to the load. 
(2) The ratio Sa/SE, when S is a stress, varies 
linearly between the stress at prop ortional limit and the 
ma:imum stress. 
(3) The fiber saturation moisture content for yellow 
poplar plywood is 24 percent. 
The figures that require adjustment for moisture con-
tent have been redrawn for a standard moisture content o± 
15 percent. (See figs. 12, 13, 14, and 15, which are figs. 
2, 3, 10, and 11, respectively, adjusted to 15—percent 
moisture content.) These figures should be used, when aiD-
plying the method of appendix A to predict the load that 
a panel constructed of Eastern spruce stiffeners and ye1ld.r 
poplar plywood will carry when the moisture content of the 
wood is 15 percent.
12
REFERENCES 
1. LunLquist, Eugene E,: Gen.era1ize Analysis of Experl-
rienta1 Observations in Problens of Elastic Stability. 
T.1. No. 658, NACA, 1938. 
2. i.larkwarclt, L. J. and Wilson, T. R. C.: Strength and 
Related Properties of Woods G-rown in the United 
States.	 Tech. Bull. No 479, U. S. Dept. Agric. 
1935.
TABLE I 
SPECIMEN [)/MEN5/0N5 AND TEST DATA 
Spec/- Stiff- S/oeCI· SpeCl- b P/ies t Area Fc:/ure /",;'d Fo;/l/r~ 
men ener Inen men (ih) (in.) ~/ylN'oa.:1 51Hf- Toto/ /ni·tfo/ Mox- type 
roo / Q17lf th width (s'l ;n.) ener (oS'; in.) (/<lpS) Imum 
(in.) (in.) (59,'17.) (/lips) 
. /3 3 0.101 4.5 3.'7 8.4 28J3 80.'1 I 
17 A 24- 46 7.6~ 5 ./{P()J 7.4 8.'1 /1.3 354 85.5 I 
)'1 5 ,/&8 7.4 4.0 11.4· 3&·5 8G.5 I 
12 :3 .101 4.5 7.13 /Z3 4~.4 57.2 I 
15 :3 ./04 4.& 7.1 /Z:5 :52.6 (;.2.0 / 
2/ 5 .j(pq 7.13; 7.8 /5.~ 48..9 cPl. 2 2 
Z~ . 6 ./(;'7 7.5 7.8 /5.3 57 . .4- 59.0 Z 
24 24 5 ./(;'9 7.5 7.8 /5.3 (;,1.4 (;,2.4 Z 
20 B 45 7./2 7 .za~ 10.!:> , 7.8 /g.~ 53.& 58.2 2 
·zz 7 .234- 10.4 7.9 /8.3 80.0 80·0 z I 
Z5 7 .Z3C, /O.!:> 8.0 /8.5 74.0 74.0 2 
~~ 7 .234 /0.5 7.8 /~;a 73.2 73.2 2 
38 5 .1c,5 7.4- 8.0 /5.4 5Q.8 ~5.o / 
3'7 :3~ j. .244 /0.9 8.0 /8- '7 . (p4."Y r,4.C, Z 
4l. 7 .143 /0.8 13.0 18.8 72,:3 7Z.~ 2 
14 45 (O.4C, 5 ./(-,7 7.5 /5.it. . 23.4 //3 .. 4 1/5.4 Z· 
.. 
78 , .300 /a;7 . /~.o 2'1.7 /5:3.0 /58·0 Z 
.51 5 ./70 _,.7 /~.o 25.7 /15.0 115.0 2 
50 24 7 .1-35 /3.5 15.9 2Cf.4 WI. 0 Ile;,. <1 2 
5.7 . C 7 .Z38 /~.c, /5.8 Z'1.4 '1~~ 11~.!3 2 
55 57 8.~ Cf .:30fP /7.5 /(0./ 3ac.. V5:3.4 /13;0.4- Z 
8 q .305 /7.4- /fP./ 33.b 14(;..0 -15).5 Z 
c,(P 3(" 5 .I73J q.<f 1(i;.0 25.Q 108:0 1Z4 .. CR 2 
~3 q .3/1;, //j.1 /fP.O ·34.1 /e.o.5 /50.5 . Z 
:3~ 7 .23& /0.8 l5.3 8"./ 171·4 /77.4- l 
90 7 . 233 10.7 Z5.~ ~~o 190.4 . 1'113.8 2 
4 48 6.?4- Cf .30/ /3.8 25~ 3?-CP 240.4 Z40.4. .2 
Z'I q ·305 14.0 Z5.Z 3Cf.Z ZZ5.2 2(5.Z :3 
3(;, 24 C; .300 1~7 25.5 ?J<f.Z 23(0·2 ,2~C,.Z 3. 
30 /I .3("8 IfA·,! 25.3 4Z.Z 241.0 241.0 :3 
52 7 .Z:3~ I?;,C# Z.5.7 39,3 188.0 /'74.5 2 
53 87 8,30 7 .Z~8 /3.7 25.7 .31.4 171;,.0 17&.0 Z 
"1 '! .3~ /l.v> Z5.Z 4Z.lJ 210.0 Uo.1 2 
5~ D '1 .30(', /7.7 Z5.~ 43.3 219.(, 2ICf.(; Z 
45 1 .24Z //.1 25.3 3rP.4 /84. V. /93.5 Z 
4C# 7 .243 //;Z Z(;,.Z 37.4 ZZ3.0 Z2~.0 2 
1 45 5."0. q .3OG. 14.0 ~~,5 4a5 /80.0 207.0 2' 
5 9 . ale 14.CP 2{;}.5 40.6 22(;,.(;. 2Zv..(, 2 
48 3(P Cf ·.3otl /'1.2 Z{;}.5 40.7 201.0 201.0 3· 
4'1 1/ .374 J7.Z 26.5 43.7 Z34.~ Z34.(P 3 
'S'I 7 .140 /3.8 Z4,Cf 3/3.7 210.0 2/3.8 z 
a,2 67 8.33 7 .C4c. /4.0 26.{JJ 39, .. (ZoO I79.Ui 3 
S4 Cf .30q /7.9 Z4.~ 42.5 lZl.O .22/.0 Z 
.(p/ q 
.309 17-8 25.5 4:3.3 200·8 200-8 z 
/ 
T.A:BLE II 
I'iOISTURE COliiTENT ·OF SPRUCE STIFFEEERS 
Element 
Stiffeners 
5-ply 
7-ply 
9-ply 
~l-ply 
AHD POPLAR PL nlOOD 
l-ioisture content 
Panel Stress-strain 
specimens 
(p er cent) 
9.1 
9.6 
10.2 
10.8 
9.6 
TABLE III 
specimens 
( :Per c en t ) 
8.0 
8.5 
S.O 
8.9 
9.1 
cm,1PARISOliT OF CALCULATED A1TD EXPERUml\iTAL 
LOADS AT i'l!ilCH CRUSHUTG FAILURE OCCURS 
Specimen P e--p P calc Pe19L=-~'£E:.!'£ I .'-
number ( kip s ) ( kip s ) P calc 
(percent) 
29 225.2 214:.1 5.18 
30 241.0 221.0 9.05 
36 236.2 214.8 9.96 
48 201.0 223.1 :-9.91 
49 234.6 229.7 2.13 
54 221.0 224.6 -1.60 
1.4 
15 
TABLE IV 
CQr·lP,,\.RIS01T OF CALCULATED AND EXPERU1ElTTAL LOADS AT i'lEICH 
THE PLYWOOD SEPARATES FROH TEE STIFFENERS 
-
Specimen P exp P calc :'~~E..._ - P cal c 
number (kips) ( kips) P ealc 
(percent) 
( a) 
--. 
21 45.9 60.1 
-23.61 
23 57.4 59.9 -/,1.2 
24 61.4 60.0 2 ,.., I .J.0 ) 
20 53.6 74.8 ':"28.3 i 
22 80.0 74.9 6.S I 
'> . 
25 74.0 76.0 -2.6 i 
26 73.2 74.8 -2.1 j 
39 64.6 79.2 -18.41 
42 72.3 79.0 ( --8 .5 J 
14 113.4 99.9 13.5 
78 153.0 151.6 .9 
51 115.0 118.5 -3.0 
50 119.0 115.S 2.81 
57 93.8 116.0 -19 .1 r 
55 153.4 136.1 12.7 '\ 
S 146.0 136.0 7.4 J 
66 108.0 11S.? -8.6 
63 150.5 140.1 7.4 
33 171.4 192.4 -10.91 
90 190.4 189.7 .4 j 
4 240.4 229.1 4.9 
52 188.0 166.9 12.6,) 
53 176.0 167.4 5.1 J 
9 210.0 195.6 7.4 1 
56 219.6 197.6 11.1 J 
45 184.6 195.9 -5.8 -j 
46 223.0 202.9 ~ • 9.9 J 
1 180.0 236.7 -24.0 ! 
5 226.6 243.~ -6.9 J 
59 210.0 163.5 28.4 
54 221. 0 193.3 14.3 } 
61 200.8 198.4 1.2 
aBraces indicate groups of duplicate specimens. 
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Figure 1.- Stiffener sizes u~ed in panels. 
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Figure 2.- Compressive stress-strain curves for stiffener material load-
edparallel to the grain. 
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Figure 3.- Compressive stress-strain curves for plywood material loaded parallel to the face grains. 
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Figure 12.- Compressive stness-strain curves for stiffener material 
loaded parallel to the grain adjusted to IS-percent 
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